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THE CONCEPT OF THE REFLEX IN THE DESCRIP- 
TION OF BEHAVIOR* 

From the Psychological Laboratories of Harvard University 


B. F. Skinner 


Introductory Note 

The extension of the concept of the reflex to the description of the 
behavior of intact organisms is a common practice in modern theoriz- 
ing. Nevertheless, we owe most of our knowledge of the reflex to 
investigators who have dealt only with “preparations,” and who have 
never held themselves to be concerned with anything but a subsid- 
iary function of the central nervous system. Doubtless, there is 
ample justification for the use of relatively simple systems in an early 
investigation. But it is true, nevertheless, that the concept of the 
reflex has not emerged unmarked by such a circumstance of its de- 
velopment. In its extension to the behavior of intact organisms, that 
is to say, the historical definition finds itself encumbered with what 
now appear to be superfluous interpretations. 

The present paper examines the concept of the reflex and attempts 
to evaluate the historical definition. It undertakes eventually to 
frame an alternative definition, which is not wholly in despite 
of the historical usage. The reader will recognize a method of 
criticism first formulated with respect to scientific concepts by Ernst 
Mach (13, 14) and perhaps better stated by Henri Poincare (18, 
19). To the works of these men and to Bridgman’s (1) excellent 
application of the method to more modern concepts the reader is re- 
ferred for any discussion of the method qua method. Probably the 
chief advantage, first exploited in this respect by Mach, lies in the use 
of a historical approach. But the reader should understand that in 
the present case no attempt is made to give an exhaustive account of 
the history of the reflex. Certain historical facts are considered for 
two reasons: to discover the nature of the observations upon which 
the concept has been based, and to indicate the source of the incidental 
interpretations with which we are concerned. 

'Accepted for publication by W. J. Crozier of the Editorial Board and 
received in the Editorial Office, November 21, 1930. 
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I 

It was Descartes 1 who first proposed a mechanism by which the 
characteristics of the living organism could plausibly be produced. 
He came very near describing its action as the true mode of opera- 
tion of the animal body, but the criticism of his contemporary, Nico- 
las Stensen, probably expressed his intention correctly. “Descartes,” 
said Stensen, “was too clever in exposing the errors of current treatises 
on man to undertake the task of expounding the true structure of 
man. Therefore in his essay on Man he does not attempt such a 
delineation, but is content to describe a machine capable of perform- 
ing all the functions of which man is capable.” This interpretation 
is borne out by the text of the Traite, where, although parts of the 
anatomy are again and again pointed out as suitable for the func- 
tions of the mechanism, and the machine and body are, indeed, al- 
most identified, the reader is, nevertheless, invited only to suppose the 
truth of the details. Descartes’ interest lay primarily in furthering 
his philosophical notions, and the invention that is usually taken as 
the earliest expression of the reflex was little more than an instrument 
of persuasion. 

In designing a convincing model of the living organism Descartes 
faced a peculiar difficulty. Movement in itself was easily enough 
obtained, for there were many mechanisms available as sources of 
energy. There was, for example, the current explanation of muscu- 
lar contraction upon a hydraulic analogy, which, in fact, Descartes 
adopted. But if the energy itself was conveniently accounted for, 
the direction and order of its release were, on the contrary, critical. 
In meeting this difficulty Descartes introduced a novel device — the 
mechanism of the stimulus, by means of which external forces re- 
leased the movements of the machine. The stimulus distinguished 
the model of la bete machine from that of a mere activated doll. It 
enabled the model to simulate the appropriateness and the apparent 
spontaneity of the movements of the living organism. So far as 
Descartes’ purpose was concerned, it was successful in supplanting 
certain metaphysical concepts as causal agents leading to movement. 


Descartes’ account is to be found in the Traite de Vhomme (4, pp. 130 ff.). 
The Traitt differs in many respects from the earlier Passions de Vame (3) 
in its representation of the action of the nervous system. 

A convenient account of Descartes as physiologist is given by Sir 
Michael Foster (6). The quotation from Nicolas Stensen and the trans- 
lations from Descartes are taken from this work. 
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Heretofore, the supposition had been that an animal moved because of 
the action of, let us say, a “soul.” Descartes proposed that the body 
be regarded as a system of stored energy, and he pointed to minute, 
hitherto unobserved forces that acted upon the organism in such a 
way as to serve as releasing mechanisms. 

The principle of the stimulus was, of course, little more than a 
guess. With an enthusiasm for the new physics, Descartes contended 
that the movements of an organism were functions of the forces 
acting upon it, but he could in practice point to only the roughest 
demonstration of this relationship. Subsequent investigation of the 
reflex has revealed the extraordinary difficulty of identifying the 
stimulating forces correlated with particular movements. The in- 
formation available in Descartes’ time was so scant, and the prin- 
ciple so far-reaching, that one is tempted to regard the discovery of 
the stimulus simply as another example of the insight with which 
Descartes anticipated later thought. But this would be to overlook 
the influence of an unusual analogy. 

Descartes sought a mechanical model of the living organism for 
the support of an argument. For other reasons, namely, for the sake 
of the entertainment which they afforded, suitable models (utilizing 
the action of a stimulus as a source of spontaneity and appropriate- 
ness) had already been constructed by the engineers of the royal 
fountains in France. Descartes describes two of these fountain figures 
and the action of their releasing mechanisms, which are operated un- 
wittingly by the observers. 

“For in entering they necessarily tread on certain tiles or 
plates, which are so disposed that if they approach a bathing 
Diana, they cause her to hide in the rose-bushes, and if they 
try to follow her, they cause a Neptune to come forward to meet 
them threatening them with his trident. Or if they pass in an- 
other direction they occasion the springing forward of a marine 
monster who spouts water into their faces or things of a like 
sort according to the caprice of the engineers who constructed 
them.” 

A contemporary engineer, Salomon de Caus , 2 published an account 
of the operation of similar figures, although he did not describe the 
two groups referred to by Descartes. The mechanical principles 

'See (2). The date (1624) is considerably earlier than that of the 
Traiti, and the examples treated by de Caus are, in general, simpler than 
those described by Descartes. 
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are few in number, but among them can be found all of those used 
by Descartes in his “reflex arc.” In Descartes’ proposed model the 
organ of sense is set in motion “even ever so little” by the external 
object and pulls upon a thread, which in turn, acting like a bell 
rope, opens a valve at a central reservoir, letting the contained fluid 
flow outward along a pipe-line into the muscles, which it activates. 
With a plate or lever substituted for the organ of sense and a water- 
wheel or similar device for the muscles, the description applies as 
well to the fountain figures. So slightly does Descartes depart from 
the details of the fountain mechanism that its position as the proto- 
type of his model seems unquestionable. 

It was the accident of a convenient analogy that led Descartes to 
the discovery of an important principle, and so great a mutation 
was it in the evolution of human thought that it proved lethal. In 
spite of frequent assertions to the contrary, Descartes seems to have 
exerted no influence upon the development of the reflex. Instead, the 
discovery of the stimulus was made again, with great difficulty, as 
the culmination of a century of experimentation, and another century 
and a half had elapsed before the principle had again been comparably 
extended to the behavior of the total organism. This lack of his- 
torical influence may be variously explained. Descartes was, as Fos- 
ter has said, a “retrograde” physiologist, who accepted the more con- 
venient theory, as against the more accurate, for the sake of a broader 
consistency. His interest was ultimately philosophical, even in his 
physiological explanations, and he did not attempt to discover the 
true action of the nervous system. 

Descartes is important to an understanding of the reflex, not be- 
cause of an organic connection with subsequent history, but as a 
symbol. The stimulus is an essential part of a mechanistic theory of 
behavior, whether the notion is arrived at through observation, as it 
was with Marshall Hall, for example, or argued from physical neces- 
sity or mechanical analogy, as it was with Descartes. Furthermore, 
the analysis of behavior that is accomplished in the mere descriptive 
phrase, “withdrawing the foot from fire,” became a critical part 
of later method. But a further characteristic of Descartes’ position 
must be noted: although he substituted the stimulus for a meta- 
physical concept in his description of the animal, Descartes could not 
eliminate metaphysical concepts from his description of man. Here he 
regarded the mechanical principles as at work, but under the control 
of the soul, which might suspend the physical necessities much as the 
engineer might modify the activity of the fountain figures. 
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Descartes reserved a field of action for the concept of soul, not 
because the physical facts were any more lacking in the case of man 
than elsewhere, but because of the pressure of certain metaphysical 
notions. Fragments of similar reservations still prevail. But the 
history of the reflex can almost be told by describing the progressive 
encroachment of the stimulus upon them. The line that Descartes 
drew between the fields of action of his physical and metaphysical 
concepts was a temporal one only. A movement might follow at 
one time the action of a stimulus and at another the action of soul. 
The later distinction that was first definitely established by Mar- 
shall Hall set in part an anatomical boundary. But both lines were 
drawn for the same purpose, namely, to resolve, by compromise, the 
conflict between an observed necessity and preconceptions of freedom 
in the behavior of organisms. In one form or another, this com- 
promise accounts almost wholly for the aspects of the historical defi- 
nition of the reflex that we are attempting to reconsider. 

II 

The concept of the reflex arose again from investigations which 
had already begun during Descartes’ lifetime. They were concerned 
with animal movement and represented a sudden turn in the his- 
tory of the concepts dealing with that phenomenon. It is a generaliza- 
tion sufficiently accurate for our purposes to say that the movement 
of an organism had generally been taken as coexistent with its life 
and as necessarily correlated with the action of some such entity as 
soul. The necessary relationship between the action of soul and the 
contraction of a muscle, for example, was explicit. As a consequence, 
it was disturbing to find, experimentally, that a muscle could be made 
to contract after it had been severed from a living organism or even 
after death. This, however, was the contention of the new physiol- 
ogy- 

The demonstration that the volume of a muscle does not appre- 
ciably increase during contraction was made by Francis Glisson 8 in 
the middle of the seventeenth century. He was, as Fulton has shown, 
probably anticipated here by the Dutch naturalist, Swammerdam, 
whose influence was less immediately felt. Swammerdam’s expcri- 

*For an account of the events antecedent to the explicit formulation of the 
concept of the reflex see: (a) Foster (6) ; ( b ) the historical introduction in 
Fulton (7); (c) Chap. 1 in Verworn (23); and, for many quotations from 
the sources, (d) Fearing (5). 
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ments on excised nerve and muscle were more clear-cut than those 
of Glisson on the intact limb, but either procedure was convincing 
and was something more than a mere disproof of the “animal spirits” 
hypothesis of muscular contraction. The experiment pointed to the 
existence of a “property of contractility” resident in the muscular 
tissue and independent of any remote source of energy. Contem- 
porary and subsequent experimentation was of the same import. 
Glisson himself experimented upon intestinal and skeletal muscle 
after death, when metaphysical concepts had supposedly ceased to 
act. Swammerdam’s experiments indicated a characteristic activity 
in excised nerve and muscle, and in 1700 Giorgio Baglivi, the Italian 
physician, reporting the contractions of isolated muscular tissue, em- 
phasized that this was “without the soul’s having any share in it, or 
even being sensible of it.” The experiments published by von Haller 
in 1739 and 1742 permitted him to make the following claims: 

“By my experiments I separated this irritable nature on the 
one hand from a mere dead force, and on the other hand from 
the nervous force and from the power of the soul. I shewed 
that the movement of the heart and the irritable nature of the 
intestines depended on it alone. I confined it entirely to the 
muscular fibre. ... I also shewed that that force was some- 
thing perpetually living, and that it often broke out into move- 
ment though no external stimulus such as could be recognized 
by us was acting. By a stimulus, however, it could at any 
time be called back from rest into action. In a movement pro- 
duced through it I distinguished between the stimulus which 
might be very slight, and the movement called forth by the 
stimulus which might be very powerful.” 

The doctrine of irritability was the theoretical accompaniment 
of this experimentation. As a property assigned to living tissue, irri- 
tability was from the first clearly defined in terms of the experimen- 
tal operations which revealed it. In his fundamental experiment, 
Glisson noted that the gall bladder and the biliary duct bring about 
a greater secretion when they are irritated. “He argues,” as Foster 
has noted, “that they cannot be irritated unless they possess the power 
of being irritated. This power of being irritated he proposes to de- 
note by the term irritability.” Although the concept was not im- 
mediately freed of non-physical counterparts, it was essentially a 
physical hypothesis, which ultimately led to the science of the general 
physiology of nerve and muscle. Movement, far from being the 
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objective manifestation of the activity of soul, had become an organic 
process subject to experimental investigation. 

As Verworn has said, stimulation and irritability cannot be sep- 
arated. Irritability, by its definition, implies the action of a stimulus. 
The doctrine of irritability, moreover, assigns an autonomy of func- 
tion to the parts of an organism. These were the prerequisites for a 
formulation of the concept of the reflex. The first expression in har- 
mony with the experimental material was made by Robert Whytt 
in a monograph first published in 1751. The genesis of the idea is 
apparent in a single sentence from that work. The observation is 
made that muscles will contract not only upon direct stimulation 
but "whenever a stimulus is applied to the coats or membranes 
covering them, to the nerves which are sent to them, or to some neigh- 
boring or even distant part ” (24, p. 267). 4 Step by step, the point 
of stimulation recedes from the locus of the phenomenon with which 
it is identified. When the stimulus has been spatially distinguished 
from the response, the inference of a conducting medium is necessary, 
and a further experiment by Whytt, suggested to him by Stephen 
Hales, showed that the spinal marrow was a necessary part of this 
conducting path, which could not function if the marrow were de- 
stroyed. We shall need to return later to discuss the significance 
of these experiments and certain points of method which they ex- 
emplify. 

Whytt, it is true, regarded the conducting force as a “sentient 
principle,” which, if it was non-rational, was also non-physical. He 
thus followed the example of Glisson in his compromise with older 
concepts. Nevertheless, the observations themselves were independent 
of Whytt’s interpretation. His psychical qualifications, moreover, 
were in this sense useful: that they permitted him to generalize his 
principle to various functions of the intact organism, free of the resis- 
tance that would have been encountered if the principle had been 
wholly physical. The application to the vegetative functions was 
easily made, for it had already been strongly foreshadowed. He ex- 
tended his doctrine also to the field of action of some of the depart- 
ments of the soul. 

Ill 

Whytt left the concept of reflex action very much as Glisson had 

*The quotation is from the second edition of this, published in 1763, page 
267. The first edition omits “to the nerves which are sent to them.” 
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left irritability: in the position partly of a description of observed 
fact and partly of a superfluous interpretation. What von Haller 
had done in establishing irritability as a physiological datum inde- 
pendent of any aspect of soul, Marshall Hall 5 now repeated on be- 
half of the reflex. Not only, he suggested, could muscular tissue 
contract solely by virtue of its property of contractility, but a given 
muscle in situ could be brought into action by a train of nervous 
events which were in themselves acting only by virtue of an intrinsic 
property. “This principle,” he said, “is that termed vis nervosa by 
Haller, motorische Kraft or vis motoria by Professor Muller, and 
excitabilite by M. Flourens .” 6 To describe the series of events that a 
single instance of this activity comprised Hall accepted the word re- 
flex, and he spoke of the principle in general as “the reflex function.” 

The hypothesis that the phenomena of the reflex arc are only 
aspects of irritability seems to have been original with Marshall Hall. 
Of the contributions that he claimed to have made it resisted most 
successfully the charge of plagiarism leveled against him by his con- 
temporaries and was most often cited in his defense. The hypothesis 
involved, not a denial of the operation of non-physical concepts, but 
an exclusion of their operation from the reflex field. In Hall’s own 
estimation, as Sherrington 7 has pointed out, “his chief advance lay 
in the doctrine of separateness in the central nervous system of the 
great sub system for unconscious reflex action, and another great 
sub-system for sensation and volition.” This estimate of himself has 
been more or less confirmed historically. He is, it seems fair to say, 
the acknowledged author of the almost immutable distinction between 
voluntary and reflex action and of the resulting negative definition 
of the reflex as a form of movement unconscious, involuntary, and 
unlearned. The emphasis that this brief account has thus far placed 
upon the relation of the reflex to non-physical concepts may now ap- 
pear more reasonable. Hall’s basic hypothesis was simply a restate- 
ment of the relationship and must be understood accordingly. 

Hall distinguished between four modes of muscular action. Voli- 


s See (8). 

"From the Memoir of 1837 (9), page 44. Whytt had distinguished 
between the action of the will and the action of a stimulus, but by 
the latter he probably intended only “mechanical action” upon a muscle. 
Whytt also used the word “spontaneous” to aid in the distinction, but in 
the reverse sense! Reflex movements were for him spontaneous, since they 
are performed by the several organs “as it were of their own accord.” 

’From Stirling (22, p. 86). 



Downloaded by [East Carolina University] at 09:37 17 August 2013 


CONCEPT OF REFLEX 


435 


tion, he said, acts through the cerebrum, is spontaneous, and affects 
the muscles in a direct line through the spinal marrow and motor 
nerves. Respiration acts in the same way, is also spontaneous (sic), 
but its seat is in the medulla. Involuntary action is the response of a 
muscle to direct stimulation (the phenomenon of irritability). The 
fourth mode (the reflex function) involves the spinal marrow and 
differs from volition and respiration in that it is neither spontaneous 
nor direct in its course. 

"It is, on the contrary, excited by the application of appropri- 
ate stimuli, which are not, however, applied immediately to 
the muscular or nervo-muscular fibre, but to certain mem- 
branous parts, whence the impression is carried to the medulla 
(spinalis), reflected, and reconducted to the part impressed, or 
conducted to a part remote from it, in which muscular con- 
traction is effected.” 

We may neglect the second class, which seems to have been included 
because of the current knowledge of the respiratory center but was 
exclusive of neither voluntary nor reflex action, and the third (un- 
fortunately called involuntary), which was only a statement of irri- 
tability. For the distinction between the two remaining classes 
(volition and reflex action), we may consider Hall’s available evi- 
dence. 

Hall defined volition as a form of movement which was (a) 
spontaneous and ( b ) dependent upon the integrity of the cerebrum. 
The second characteristic was not in itself sufficiently distinguishing. 
Hall was familiar with the segmental nature of the spinal func- 
tions, and it was a fair supposition that the differential activity found 
in so uniform a structure might be accentuated in the higher seg- 
ments. If it was a matter of observation that characteristic move- 
ments of the animal disappeared upon ablation of the cerebrum, this 
was also true for any given part of the cord. Spontaneity, on the 
other hand, was the more critical factor in the delimitation of voli- 
tion. But spontaneity, as Hall used it, described in effect only those 
movements for which no appropriate stimuli could be observed, and 
the word seems to have had no other meaning. The distinction be- 
tween reflex and voluntary action rested, then, upon the possibility 
or the impossibility of the experimental demonstration of stimulating 
forces. 

To the support of his distinction Hall mustered a variety of other 
facts. He noted that drugs (such as opium or strychnine) discrimi- 
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nate in their action between voluntary and reflex activity, that the 
brain sleeps, while the spinal marrow never sleeps, and so on. He 
was, of course, describing an observable phenomenon, which we recog- 
nize as the differential functioning of separate reflex systems. 8 The 
observations do not, however, indicate an essential difference between 
brain and cord, especially since the brain-cord distinction is seldom 
strictly respected physiologically. Hall’s appeal to physiology, like 
that to anatomy, lacked cogency. His distinction rested primarily 
upon the single item of spontaneity. 

In defining volition as the hypothetical antecedent of movement 
for which no corresponding stimulus could be observed, Hall left 
the concept open to extensive modification, for it was implicit in the 
nature of the reflex that it should, in the course of its growth, dis- 
franchise volition. So far as it concerns behavior, the history of the 
reflex has been, in fact, essentially the account of the discovery of 
stimuli and of the concurrent passage of the corresponding behavior 
from the field of volition into the field of reflex action. Further- 
more, in opposing volition and reflex action as mutually exclusive 
terms, Hall identified the reflex with scientific necessity, and volition 
with unpredictability. This was the pattern for future controversy, 
of which we may note two instances. 

In 1853 Pfliiger, 9 as is well known, questioned the reflex nature 
of the movements of the spinal frog on the basis of unpredictability. 
In separate instances of the flexion reflex, he pointed out, the move- 
ment of the leg varies widely, although the stimulus is held constant. 
On the basis of the observed variability, Pfliiger postulated a spinal 
mind, his famous Riickenmarkseele. Note that the experimental jus- 
tification for mind (as for Hall’s volition) was the absence of 
demonstrable necessity, that the function of the non-physical con- 
cept was, as heretofore, to account for variability. Refutation of 
Pfliiger’s criticism needed only a demonstration that the observed 
variability was itself a function of collateral stimulation. The neces- 
sary observations were first supplied by von Uexkiill, and the prin- 
ciple ( Shaltung ) has been elaborated by Magnus (15). Briefly, 
they have shown that a given response may be modified through 

'An exhaustive account of the discriminating action of drugs upon separate 
reflex systems is available in Magnus (15, pp. 643 ff.). 

’See (17). This controversy, of course, extended well beyond Pfliiger’s 
personal participation. It was, in fact, the continuation of a philosophical 
reaction against Hall’s concept and was only accentuated by Pfliiger’s inter- 
pretation of his experimental findings. 
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proprioceptive stimulation arising from the posture of the animal. 
The effects that Pfliiger observed in the spinal frog are consequently 
subject to adequate prediction, and, in this particular instance at 
least, the variability has disappeared. With it disappeared also its 
corresponding Seele. 

Shortly before the beginning of the century Pavlov (16) was en- 
gaged in the investigation of the activity of the digestive glands. For 
much of this activity it was possible to identify the necessary ante- 
cedent events (the mechanical or chemical changes acting directly or 
reflexly upon the glands). The greater part of the normal secre- 
tion, however, was unfortunately not under the control of the ex- 
perimenter. The reader should not be surprised that this was called 
“psychic” secretion. Pavlov undertook the investigation of this ac- 
tivity. His findings are too well known to call for more than the 
briefest comment here. Essentially, it was the discovery of the 
operation of “substitute” stimuli. The nature of the process of 
substitution (conditioning) and the use of the principle as a method 
are not important at this point. We may emphasize, however, the 
aspects of the discovery which exemplify the usual course of reflex 
investigation. Given a particular part of the behavior of an organism 
hitherto regarded as unpredictable (and probably, as a consequence, 
assigned to non-physical factors), the investigator seeks out the ante- 
cedent changes with which the activity is correlated and establishes 
the conditions of the correlation. He thus establishes, as we say, the 
reflex nature of the behavior. In traditional practice, upon the demon- 
stration of such a correlation, non-physical concepts dealing with the 
same subject-matter are discarded. 

IV 

The subsequent development of Hall’s formulation could by its 
very nature approach only one end, namely, the hypothesis that the 
total behavior of the intact organism might be described in terms 
of the reflex. This extension was possible only upon the demonstra- 
tion of necessary correlations in a large body of residual behavior, 
most of which was mediated by the distance receptors of the head seg- 
ments. The work of Pavlov (16) may therefore be taken as his- 
torically fundamental. His evidence was decisive, if necessarily in- 
complete. It led to two achievements. The principle of condition- 
ing supplied the extended range of stimulation needed to account for 
the complex behavior of the total organism, and the demonstration 
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of the reflex activity of the cortex laid siege to the last stronghold 
of the old anatomical distinctions. The extension of the concept 
has been further facilitated by the work of Magnus upon reflexes 
concerned with the maintenance of posture. Magnus (15), like 
Pavlov, broadened the field of operation of the stimulus by discover- 
ing a large number of specific stimulus-response correlations, and, 
again like Pavlov, he attacked the anatomical distinctions by 
demonstrating the reflex nature of the activity of the higher, although 
chiefly subcortical, centers. The reflex as a concept in the descrip- 
tion of behavior has received its most extended systematic support 
from behaviorism. 

The adequacy or inadequacy of the reflex in the description of 
total behavior seems to be beyond immediate experimental demon- 
stration and, in any event, is beyond the scope of this paper. Some of 
its implications also need not greatly concern us, as, for example, the 
fate of the non-physical concepts that are deprived of their field of 
operation. We may regard the ultimate validity of the concept of 
volition (as, indeed, of that of the reflex) as beyond any immediate 
estimation. We are concerned with the reflex as a working concept. 
What is its nature and how shall it be defined? In particular, we 
have set ourselves to resolve certain difficulties of definition imposed 
by the extension to total behavior, where volition (or the practice that 
it represents) is important for its effects. But perhaps we have re- 
viewed enough of its history and may turn directly to a statement 
of the argument. 

In the history of the reflex one positive characteristic has always 
been given by the facts — the observed correlation of the activity of 
an effector (i.e., a response) with the observed forces affecting a 
receptor (i.e., a stimulus). The negative characteristics, on the 
other hand, which describe the reflex as involuntary, unlearned, un- 
conscious, or restricted to special neural paths, have proceeded from 
unscientific presuppositions concerning the behavior of organisms. 
When Marshall Hall decapitated his famous newt, 10 he pointed 
quite correctly to the reflex activity of the parts of the headless body, 
to the observed fact that movement followed, inevitably, the admin- 
istration of specific stimuli. But his assumption that he had im- 
prisoned in the head of the newt the source of another kind of move- 
ment was irrelevant and unsupported. The fact before him was a 

“Hall first described the behavior of the decapitated newt before the 
Zoological Society on November 27, 1832. See (9, p. v). 
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demonstrable necessity in the movement of the headless body; his 
failure to observe similar necessities in the movement of the intact 
organism was the accident of his times and of his capabilities. 

Tentatively, then, we may define a reflex as an observed correla- 
tion of stimulus and response. When we say, for example, that 
Robert Whytt discovered the pupillary reflex , 11 we do not mean 
that he discovered either the contraction of the iris or the im- 
pingement of light upon the retina, but rather that he first stated 
the necessary relationship between these two events. So far as be- 
havior is concerned, the pupillary reflex is nothing more than this 
relationship. Once given a specific stimulus-response correlation, 
we may, of course, investigate the physiological facts of its media- 
tion. The information there revealed will supplement our definition, 
but it will not affect the status of the reflex as a correlation. These 
are matters, however, that will bear a more detailed treatment, 
for they present many problems. 

V 

The notions of both stimulus and response were, as we have seen, 
essential to the principle of irritability, so that the correlation that 
we are emphasizing was already present (in its most easily observed 
form) in the older concept. The reflex emerged as a separate prin- 
ciple when a correlated stimulus and response could be spatially dis- 
tinguished, and we have already commented upon Whytt’s insistence 
upon the possibility of a spatial differentiation. The observation of 
a correlation between two spatially discrete activities led at once to 
the inference of a series of intervening events, to the inference, that 
is, of conduction. Subsequently, the investigation of the events in- 
tervening between a stimulus and its correlated response became the 
particular field of reflex physiology. We shall need to review certain 
characteristics of its method, and we may turn first to the procedure 
by which the anatomical structures underlying the mediation of a 
reflex are identified. 

Even for so early an investigator as Robert Whytt convenient 
material from the physiology of the nervous system was available in 
interpreting reflex phenomena. Rough descriptions of the activity 
of end-organ and effector and of the conducting action of nerve were 
at hand. The investigators of the reflex appropriated this current 

“The text disregards the supposed discovery by Galen and Descartes. 
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knowledge but began immediately to refine the references to anatomy. 
Whytt (24), as we have already seen, first demonstrated that the 
necessary relationship between stimulus and response (or, as he ex- 
pressed it, the “sympathy between different muscles or other parts 
of the body”) was lacking after destruction of the cord ; “from whence 
it seems to follow,” he added, “that the nerves .... have no com- 
munication but at their termination in the brain or spinal marrow.” 
His conclusion, if it was not strictly logical, was made extremely 
probable by Bell’s subsequent differentiation between the functions 
of the anterior and posterior spinal roots. Although Bell did not 
expressly subscribe to the reflex doctrine, his experiments are more 
to the point in its support than in his generalization to “sensation 
and the power of motion.” The “diastaltic arc” of Marshall Hall 
(10, pp. 6 ff.) applied Bell’s discovery more explicitly to the prin- 
ciple of the reflex. 

The diastaltic arc (eventually spoken of as the reflex arc) embraced 
an “esodic” (afferent) nerve, a spinal center, and an “exodic” (effer- 
ent) nerve. It was an anatomical term. The experimental evidence 
for its close correspondence to the reflex was of the sort we have 
noted: the impairment of reflex function after anatomical injury 
(Whytt), the fractional functioning of surgically isolated parts of 
the arc (Bell), and so on. Subsequently (especially in the neuron 
theory), the argument was extended to miscroscopic levels. By 
similar procedures the gross location of the central part of a given 
arc is determined. The practice is essential to the doctrine of the 
segmental action of the cord and was utilized early in the history of 
nerve physiology (independently of reflex theory) in the localiza- 
tion of higher centers, e.g., the respiratory center. Typical ex- 
amples in reflex investigation may be found in the work of Magnus 
on various mid-brain preparations. The basic assumption is that, 
when the ablation of a particular part of the nervous system impairs 
or abolishes a reflex function, the ablated structure is essential to the 
reflex and includes part of the arc. That inference, of course, is not 
unavoidable. Moreover, in the interpretation of such experiments 
the probability of operative artifact must unfortunately be regarded 
as proportional to the degree of specificity desired. For the broader 
inferences, however, such as that of the participation of the spinal 
cord, the probability of serious artifact is negligible. 

The notion of the reflex arc as the anatomical counterpart of a 
reflex has been generally accepted. An end-organ (or a nerve trunk 
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acting in that capacity), an afferent nerve, an interconnection between 
nerves in the cord or brain, an efferent nerve, and an effector are 
usually regarded as essential to the mediation of a reflex. We shall 
have no occasion to go beyond these rather general assumptions. 
The method that we have referred to is not peculiar to the reflex, 
and we shall not need to estimate it more closely. We may note, 
however, that the description of a reflex in functional terms (as a 
correlation of stimulus and response) is always prior to the descrip- 
tion of its arc. In any available procedure the anatomical inference 
must always be drawn from an experiment in which the integrity of 
a function is critical. 

In its simplest form, the concept of the reflex arc satisfies the need 
for continuity between stimulus and response, but the arc must serve 
as a locus not only for a communication between end-organ and 
effector but for modifications in the form of the communication. The 
statement of any reflex (for example: “the flexion of a limb follow- 
ing electrical stimulation of the skin of the foot”) implies the pos- 
sibility of a quantitative description of both stimulus and response. 
The statement thus expresses the observed correlation of two events, 
but by describing these events it describes also the special conditions 
of the correlation. A given stimulus and its response differ, for ex- 
ample, in time of inception, in duration, and in the form and amount 
of energy; and these modifications and conversions must be accounted 
for by the intervening events. 

By procedures of the sort we have already described, the characteris- 
tics of a reflex have been assigned to particular parts of the arc. The 
gross conversions of energy have, of course, been referred to end- 
organ and effector, part of the elapsed time to afferent and efferent 
nerve, and so on. By a process of logical and surgical isolation, how- 
ever, a certain group of the conditions of a reflex correlation have 
been shown to be independent of the activity of end-organ, effector, 
and nerve-trunk. These are the special characteristics of reflex con- 
duction. They have been classically described by Sherrington (21). 
In Sherrington’s list each characteristic is expressed as a difference 
between nerve-trunk and reflex-arc conduction, which means simply 
that certain of the inferences noted above have already been made. 
In reproducing the list here, we shall reword it in order to emphasize 
the nature of each item as an observed condition of a correlation of 
stimulus and response. 

( 1 ) There is a latent period between application of the stimulus 
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and appearance of the end effect; (2) the duration of the response 
is greater than the duration of the stimulus; (3) if stimuli are applied 
rhythmically (between certain limiting rates), the rhythm of the 
response does not closely correspond with the rhythm of the stimulus; 
(4) the intensity of the response does not vary rectilinearly with the 
intensity of the stimulus; (5) a single brief stimulus is often not 
effective, but succeeding stimuli following closely upon it are so; (6) 
afferent and efferent paths cannot function interchangeably; (7) 
repetition of a stimulus (with certain time specifications) evokes pro- 
gressively weaker responses; (8) the strength of stimulus just suf- 
ficing to elicit a response is variable; (9) (a) a second stimulus is 
ineffective for a short interval after a first and subnormally effective 
for a succeeding short interval, ( b ) two stimuli at separate points of 
stimulation may facilitate each other, (c) a stimulus may act to pro- 
duce the absence of a response, ( d ) injury to the nervous system may 
temporarily destroy or weaken the effectiveness of a stimulus which 
is subsequently found to be normally effective; (10) the effectiveness 
of a stimulus depends upon the integrity of the blood supply; (11) 
the effectiveness of a stimulus is partially or wholly abolished by anaes- 
thetics. 

Although all the characteristics except (6) and parts of (9) are 
represented to some extent in nerve conduction, the degree to which 
they are present in reflex conduction cannot be explained by reference 
to nerve-trunk alone. It has been assumed, therefore, that the charac- 
teristics represent the functioning of a special structure, which has 
been called the synapse, and which has been hypothetically lo- 
cated at the interconnection between neurons. Since these in- 
terconnections are grouped together in the gray matter of the 
cord and brain, the experimental practice associated with the 
other parts of the arc may be used in testing the hypothesis. It is 
possible, for example, to show that the synaptic characteristics are 
present in conduction through the cord when an afferent nerve is 
stimulated close to the cord and the response taken electrically from 
the efferent root. Again, the characteristics can be shown to vary 
with the temperature of the cord, but they are almost wholly inde- 
pendent of the temperature of either afferent or efferent nerve. Ex- 
amples could be multiplied indefinitely. Moreover, as Sherrington 
has shown, the location of the synapse at the interconnection between 
neurons receives considerable support from the histology of the 
nervous system, from studies in nerve degeneration, from the physi- 
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cal chemistry of surfaces of separation, and from various other sources. 

Reflex physiology seeks a physico-chemical description of the events 
peculiar to the mediation of a stimulus-response correlation. It re- 
gards the synapse, therefore, as a physico-chemical system. Theories 
of the details of that system have been of various sorts. Keith Lucas 
(12) sought an explanation of synaptic phenomena in terms com- 
mon to nerve-trunk conduction. In his theory the synapse was re- 
garded as a region of impaired conduction, and its description in 
physico-chemical terms waited only upon the description of the con- 
duction of the nervous impulse. Sherrington (20), as is well known, 
has recently regarded the synapse as the locus for the depositing of ex- 
citatory and inhibitory substances or states. For Lapicque (11) the 
synapse is the boundary between neural structures of independent 
chronaxies. We shall have no need of evaluating theories of this 
sort, nor shall we find it necessary, in the light of our brief examina- 
tion of method, to justify or discredit the hypothesis of the synapse 
itself. We are interested, not in the validity of that concept, but in 
its nature. Here we are led to one conclusion. 

Our present information concerning the synapse is derived wholly 
from observed instances of reflex conduction. There is nothing in 
our description of the synapse which has not already served to de- 
scribe experimental data, but we translate our descriptions of data into 
the laws of the synapse for convenience of expression. The synapse, 
that is to say, described in terms of its characteristics, is a construct. 
It is the conceptual expression for the conditions of correlation of a 
stimulus and response, where the incidental conditions imposed by a 
particular stimulus and a particular response have been eliminated. 

There is nothing in the physiology of the reflex which calls in 
question the nature of the reflex as a correlation, because there is 
nothing to be found there that has any significance beyond a descrip- 
tion of the conditions of a correlation. It may be objected that, 
should reflex physiology succeed in describing the synapse as a physico- 
chemical system, the synapse would be no longer conceptual. Actu- 
ally, the description would be translated into concepts of another 
order, which would possess the tremendous advantage of being com- 
mon to all the physical sciences. But we are here very close to certain 
fundamental questions of scientific method, which we shall not at- 
tempt to answer. 

The physiological study of the reflex supplements and restricts our 
definition. It begins by identifying and describing certain of the 
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events which intervene typically between stimulus and response, and 
it then arbitrarily restricts the use of the word reflex to correlations 
which employ that kind of event. Physiologically, the word implies 
the participation of at least two neurons with a synaptic junction. 
The best practical criterion is irreversibility of conduction, which is 
not in any degree a characteristic of nerve-trunk conduction and is 
therefore the clearest evidence of the operation of a synapse. This re- 
striction in the use of the word reflex excludes ( 1 ) the movement of 
the organism solely under the influence of mechanical forces (for 
example, the movement of the paw of a dog when it is “shaken”) ; 
(2) the activity of an effector in response to direct stimulation, a dis- 
tinction that is more often of importance in dealing with the internal 
economy of the organism; (3) those responses mediated by other 
types of nervous system than the synaptic; and (4) those correla- 
tions between discrete activities which are mediated by non-nervous 
mechanisms, as, for example, by autacoids. 

The advantage of these qualifications (even of the third, which is 
sometimes felt to be a notable difficulty) is that they insure a uni- 
formity of material in the investigation of the reflex. It would be 
impossible to state with any degree of specificity a law describing the 
course of reflex fatigue if it were to apply to the exhaustion of such 
diverse mechanisms as a neural structure and a concentration of 
hormonic substance. The restricted definition limits the application 
of the principle of the reflex, but within boundaries which may be 
justified upon independent grounds. 

We have tried to emphasize an essential continuity between reflex 
physiology and the special science of the description of behavior. 
We must not, however, fail to recognize a well-grounded distinction 
between the two fields, which is based primarily upon a difference 
in immediate purpose. The one seeks a description of the reflex in 
terms of physico-chemical events, the other a description of behavior 
in terms of the reflex. It is assumed that the word reflex refers to the 
same thing in both instances. Historically, however, the investi- 
gation of the physiology of the reflex proceeded, as we have seen, 
almost independently of the description of behavior and was ad- 
vanced almost to its present status at a time when the possibility 
of a quantitative description of behavior was considered too remote 
for scientific consideration. The concepts of reflex physiology, con- 
sequently, cannot be transposed to the description of behavior without 
modification, which will in most cases be found, however, to pro- 
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ceed naturally from an analysis of the physiological method, as, for 
example, in the discussion of the synapse given above. Moreover, 
many assumptions which are unimportant and therefore tacit in 
reflex physiology are critical in the description of behavior and must 
be given an explicit and independent statement. This is true of the 
procedure by which a single reflex is isolated, as we shall see later. 
Again, a number of problems which arise in the description of be- 
havior have no parallel at all in reflex physiology. Some of these 
matters we have already touched upon ; others will enter at one 
time or another into the following discussion. 

VI 

We may summarize this much of the argument in the following 
way. A reflex is defined as an observed correlation of two events, 
a stimulus and a response. A survey of the history discloses no other 
characteristic upon which a definition can legitimately be based. The 
physiological investigation does not question the correlative nature of 
the reflex, for its data and its concepts deal essentially with the con- 
ditions of a correlation; but heterogeneous instances of correlations 
which would be embraced by the definition, read literally, are ex- 
cluded by the physiological refinements of usage. It now remains 
for us to deal more specifically with the reflex in the description of 
behavior. What is the description of behavior, and how does the 
reflex, as a correlation, enter into it? Here (the reader may again be 
warned) we shall be concerned not so much with the validity or the 
adequacy of the concept as with its nature and the method peculiar to 
it. 

Lacking some arbitrary distinction, the term behavior must in- 
clude the total activity of the organism — the functioning of all its 
parts. Obviously, its proper application is much less general, but 
it is difficult to reach any clear distinction. The definition of the 
subject-matter of any science, however, is determined largely by the 
interest of the scientist, and this will be our safest rule here. We are 
interested primarily in the movement of an organism in some frame 
of reference. We are interested in any internal change which has an 
observable and significant effect upon this movement. In special 
cases we are directly interested in glandular activity, but this will 
usually concern us only secondarily in its effect upon movement. 
The unity and internal consistency of this subject-matter is his- 
torical: we are interested, that is to say, in what the organism does. 
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But the description of behavior, if it is to be either scientific or sat- 
isfying, must go further. As a scientific discipline, it must describe 
the event not only for itself but in its relation to other events; and, 
in point of satisfaction, it must explain. These are essentially identi- 
cal activities. In the brief survey at the beginning of this paper it 
was occasionally necessary to regard the stimulus as a newly discov- 
ered cause of movement for which various conceptual causes had 
previously been designed. In this way we represented a real aspect 
of the history of the reflex. But we may now take that more humble 
view of explanation and causation which seems to have been first 
suggested by Mach and is now a common characteristic of scientific 
thought, wherein, in a word, explanation is reduced to description 
and the notion of the function substituted for that of causation. 
The full description of an event is taken to include a description of 
its functional relationship with antecedent events. In the descrip- 
tion of behavior we are interested in the relationships within a re- 
gressive series of events extending from the behavior itself to those 
energy changes at the periphery which we designate as stimuli. We 
stop here in the regression only because further steps are beyond the 
field of behavior. The two end events, the behavior and the stimulus, 
have, moreover, a particular importance, because they alone are di- 
rectly observable in an intact organism, and because they limit the 
series. With the relationship of these two end terms the description 
of behavior is chiefly concerned. 

The reflex is important in the description of behavior because it 
is by definition a statement of the necessity of this relationship. 
The demonstration of the necessity is ultimately a matter of ob- 
servation: a given response is observed invariably to follow a given 
stimulus, or exceptions to this rule may be independently described. 
In its extension to total behavior the principle generalizes the state- 
ment of the necessity observed in a particular reflex, the form of 
the expression remaining essentially the same. That is to say, the 
hypothesis that “the behavior of an organism is an exact, if involved, 
function of the forces acting upon the organism” states the correla- 
tion of a stimulus and a response, both of which remain wholly un- 
differentiated. It is, in this sense, the broadest possible statement of 
a reflex, but it is not an observed correlation and is therefore a 
hypothesis only. 

It is, nevertheless, solely the fault of our method that we cannot 
deal directly with this single correlation between behavior as a whole 
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and all the forces acting upon the organism stated in the hypothesis. 
Quantitative statements of both stimulus and response and a statistical 
demonstration of the correlation are theoretically possible but would 
be wholly unmanageable. We are led, for lack of a better approach, 
to investigate the correlation of parts of the stimulus with parts of the 
response. For the sake of a greater facility (and in this case the 
very possibility) of description, we turn to analysis. 

Originally, the use of analysis was quite accidental and unrecog- 
nized, but it has, nevertheless, always been necessary. The early 
observations were possible only after it had been achieved in some 
form or other. This is not difficult to understand if we remember 
that the correlation that we call a reflex rests ultimately upon obser- 
vation. In an intact newt, to return to Hall’s experiment, it would 
have been very nearly impossible to observe a correlation between 
the movement of the tail and the application of a probing needle, 
because the movement of the tail was also correlated with other 
stimuli and the action of the probing needle with other movements. 
In the isolated tail, however, one kind of movement followed a given 
stimulus and was absent in the absence of the stimulus. The cor- 
relation was obvious and therefore observed. 

Marshall Hall and his few predecessors divided the behavior of 
an organism into parts by the expedient method of dividing the or- 
ganism. This became, in general, the method of reflex physiology, 
although, for obvious reasons, the division of the nervous system 
supplanted the division of the whole organism. The best-known 
group of reflexes to be studied in surgical isolation are those sur- 
viving in the body of the organism after section of the cord just 
below the bulb. This is the “spinal” preparation, which has been 
the basis for the greater part of the physiological investigation, no- 
tably that of Sherrington. Other common reflex systems are the 
decerebrate, in which the medulla and the cerebellum remain in- 
tact, and the various mid-brain and thalamic preparations, as, for 
example, those of Magnus. A further extension of the method in- 
volves the surgical or physiological exclusion of end-organs, as by 
extirpation or anaesthetization (for example, of the labyrinth), or 
by section of afferent nerves. The common object of these pro- 
cedures is to permit the investigation of a particular response in rela- 
tion to a controlled variable, independent of other variables also re- 
lated to that response. 

But the same result may be obtained in another way. The ex- 
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periment may be so designed that the undesired variables do not 
vary. The distinction between the two methods will appear in the 
following example from the work of Magnus (15). Certain pos- 
tural effects in a mid-brain animal are correlated partly with the 
position of the labyrinths relative to the earth and partly with the 
condition of flexion or extension of the muscles of the neck. The 
correlation between the posture and the state of the neck muscles 
can be studied alone if the labyrinths are cocainized or extirpated. 
But Magnus was also able to obtain the isolation by designing his 
experiments in such a way that the position of the labyrinths relative 
to the earth did not change. Perhaps the best examples of this 
method, however, are to be found in the work of Pavlov (16). 
Here the organism is intact and the very active receptors of the 
head segments fully functional. By controlling light, sound, odor, 
and other conditions in the experimental chamber, it is possible to 
observe in isolation the correlation between a given response 
and a selected stimulus. Placing an animal in a dark room, that 
is to say, is equivalent for purposes of isolation to blinding it, to 
sectioning the optic tracts, or to destroying the visual projection areas 
in the cortex, and has the great advantage over these surgical methods 
of being relatively free from unknown artifacts. 

The practical merits of both these methods are obvious ; but we are 
concerned with a broader aspect of analysis. For the physiologist, 
the isolation of a reflex is a preliminary matter of method and is 
relatively insignificant. In the description of behavior it is of first 
importance. How legitimate, then, is the process of analysis, and 
what is the nature of its product? 

Let us deal entirely with the flexion reflex in the spinal dog, as a 
familiar and convenient example. We have already analyzed, of 
course, when we have once named, so that we must go back for a 
moment to the behavior as a whole. Without regard to its correla- 
tion with stimulating forces, behavior, as we have seen, is simply part 
of the total functioning of the organism. The problem of analysis 
at this level is common to physiology and anatomy. We shall not 
need to solve it, but shall assume that for purposes of description 
the body of an organism may be divided into parts (that we may 
speak, for example, of a leg), and that the functioning of a particu- 
lar part may be described in isolation (that we may speak, for ex- 
ample, of the flexion of a leg). Moreover, we shall assume that the 
forces acting upon the organism may be analyzed and described in 



Downloaded by [East Carolina University] at 09:37 17 August 2013 


CONCEPT OF REFLEX 


449 


the manner common to the physical sciences. Our own problem lies 
beyond these assumptions. 

In the flexion reflex our first experimental datum is the nearly 
simultaneous occurrence of the flexion of a leg and, let us say, the 
electrical stimulation of the skin of the foot. If we measure both 
events very carefully and repeat the stimulation, we obtain a second 
flexion which closely resembles the first, and we find that we may 
corroborate the observation, within limits, as often as we like. We 
call the observed correlation a reflex and, for convenience of refer- 
ence, give it a special name, the flexion reflex. 

The question then arises : what is the flexion reflex? If we try to 
answer by describing in detail a stimulus and a response, we meet 
embarrassing difficulties. We find that the exact degree and direction 
of flexion may vary with many factors. We find, for example, that 
it was very important for our original measurements that the torso 
of the animal had a particular position, that the contralateral leg 
was, say, unsupported, and so on. But we cannot specify these 
incidental conditions in our description without destroying its gen- 
erality. Thereupon we shall probably resort to surgical methods. 
Theoretically, at least, we may pare down the structures underlying 
the flexion reflex until the collateral variables are no longer effective. 
But we can never be sure that the reflex that we have thus 
carved out of the behavior of the organism would not have been 
grossly otherwise if our operative procedure had been different. We 
are not sure, that is to say, that what turns up at the end of our 
process of isolation is the flexion reflex. There is another method 
open to us. In the flexion reflex we are dealing essentially with a 
group of correlations showing many characteristics in common. They 
involve the same effectors acting roughly in the same way and stimuli 
which resemble each other at least in their gross anatomical reference. 
We may, therefore, if we wish, construct a flexion reflex by a statis- 
tical treatment of many of these separate correlations. We may, in 
other words, determine and state a correlation between the charac- 
teristics common to all our observed responses and the characteris- 
tics common to all our observed stimuli, and we may name this con- 
struct the flexion reflex. But the resulting description of this statis- 
tical entity will likewise depend upon our choice of observations and 
upon our method of analysis. 

We have been proceeding, of course, upon an unnecessary assump- 
tion, namely, that there is a flexion reflex, which exists independently 
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of our observations, and which our observations approximate. Such 
an assumption is wholly gratuitous, but it is remarkably insistent. 
It arises in part from the nature of the reflex. If we remain at the 
level of our observations, we must recognize a reflex as a correlation. 
But the immediate uncritical reaction to a definition on that basis is 
that a correlation, in point of satisfaction, is not enough. There is 
an urge toward solidification, clearly evident throughout the history. 
We turn instantly to the reflex arc for material support. Although 
our knowledge of the critical part of the arc is, as we have seen, de- 
rived wholly from the observation of a correlation, we much prefer 
to regard the characteristics of the correlation as properties of the 
synapse than to retain them simply as characteristics of a correlation. 
Under the same pressure, then, but with less justification, we are led 
to assume that there are isolated reflexes concealed in the behavior 
of an organism, which by proper investigatory methods we may dis- 
cover, and in the description of behavior to state the corollary of this 
proposition, namely, that behavior is the sum or the integration of 
these units. 

Here we are touching upon the subject of a widespread current 
controversy, but we may, by virtue of what we have already said, 
dispose of the matter briefly. Let us phrase two typical questions. 
Is a reflex a unitary mechanism? Is behavior a sum of such mechan- 
isms? Then, if by reflex we mean a hypothetical entity which ex- 
ists apart from our observations but which our observations are 
assumed to approach, the questions are academic and need not detain 
us; if, on the other hand, we define a reflex as a given observed cor- 
relation or as a statistical treatment of observed correlations, the ques- 
tions are meaningless, for they ignore the process of analysis implied 
in the definition. A reflex, that is to say, has no scientific meaning 
apart from its definition in terms of such experimental operations as 
we have examined, and, so defined, it cannot be the subject of ques- 
tions of this sort. 

There is a certain practical advantage, it is true, in regarding a 
reflex as a unitary mechanism — an advantage, as Mach might have 
said, that may have given rise to the practice. It is only when we mis- 
construe a purely practical device and take it to be an integral part of 
our definition that the possibility of theoretical misunderstanding 
arises. Our sample questions deal necessarily with the reflex defined 
in terms that we have seen to be well beyond any observational 
justification. As Poincare has said of a similar issue, "ces questions 
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ne sont pas seulement insolubles, elles sont illusoires et depourvues 
de sens” (18, p. 192). A common mistake in the present case has 
been to suppose that, because an answer is lacking, the principle of the 
reflex is somehow impeached. As we have repeatedly noted, the val- 
idity of the reflex as a scientific concept is not here in question. The 
reflex remains, as it has always been, an observed correlation of stim- 
ulus and response. 

VII 

It remains for us to consider how a reflex as a correlation is dealt 
with experimentally. The first step, as we have seen, is the isolation 
of a response and the identification of its correlated stimulus. In 
practice, the demonstration of the correlation is usually left at an 
elementary level. It is based upon the appearance of the two events 
together and their failure to appear separately. As an experimental 
datum of this sort, a reflex may be given the expression 

R = f (S) [1] 

where R is a response and S a stimulus. Theoretically, the exact 
nature of the function is determinable, although for any present pur- 
pose corresponding values of 5 and R are obtainable by observation 
only. Choosing convenient measures of both stimulus and response, 
we may vary the strength of S and observe variations in the strength 
of R. This is common practice, although very little has been done to- 
ward determining how a given R varies with its corresponding 5. 
One characteristic of the relationship is the threshold : for values 
below a given value of S, R = 0. There are also temporal aspects 
of the function, which have been investigated under the headings of 
latency and after-discharge. 

Threshold, latency, after-discharge, and the order of variation of 
S and R are thus descriptions of the correlation that we call a reflex. 
They may be investigated with only one elicitation of the reflex or, 
at most, with a single set of corresponding values of 5 and R. There 
is a second field of investigation, however, which is concerned with 
variations in any aspect of a correlation, as they may appear in the 
comparison of successive elicitations. If, for example, we select a 
value of S and repeat the elicitation of the reflex at a given rate, we 
shall observe a progressive decrease in the value of R. Or, again, 
if the interval between two successive elicitations be made brief 
enough, the second R may be of greatly reduced magnitude or wholly 
lacking. Here are significant variations in the value of the terms in 
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Equation [1], They do not challenge the necessity of the relation- 
ship expressed therein (as they might well do if they were less or- 
derly), but they do require that, in the description of a reflex, ac- 
count be taken of third variables. We may indicate the required 
change by rewriting our equation as 

R = f{S,A) [2] 

where A is a variable designed to account for any given observed 
change in the value of R. 

As it appears in such an experiment, A is properly either time or 
the number of elicitations at a given rate. The inference is commonly 
made that it represents a factor of another sort, which varies with 
time or the number of elicitations in the same way. In the first ex- 
ample noted above the phenomenon has been called reflex fatigue, 
which is regarded as a synaptic change — as the exhaustion of a sub- 
stance or state, or as an increase in resistance, according to one’s 
preference in synaptic theory. But in the description of behavior, 
where we are only secondarily interested in these physiological in- 
ferences, reflex fatigue is nothing more than an orderly change in 
some measured aspect of a given correlation. A law describing the 
course of that change, where the independent variable is time or the 
number of elicitations or some other condition of the experiment, is 
peculiarly a law of behavior. It may become a law of the synapse, 
by virtue of certain physiological inferences, but it has by that time 
passed beyond the scope of the description of behavior. 

Nevertheless, if we are to follow current usage, a definition of 
reflex fatigue as an observed variation in one aspect of a correlation 
is too narrow, for we know from observation that, when such a 
change has taken place, the other aspects of the correlation have also 
changed. If we have observed, for example, a change in the ratio 
of a particular R and S, we may expect to find all other ratios, as 
well as the threshold, latency, and after-discharge of the reflex, like- 
wise changed. It is usual, therefore, to regard the particular change 
that we chance to observe as a sample of a greater process. Occa- 
sionally, where a change in one aspect of a correlation is alone im- 
portant (as in summation, which is chiefly a matter of threshold), the 
characteristic may possibly be defined in terms of a single change. 
But such a characteristic as reflex fatigue, or the refractory phase, 
or facilitation, is by intention a description of a group of concurrent 
changes. 
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If we are to speak in terms of these group changes, it is almost 
necessary to have a term describing the state of a correlation at any 
given time with respect to all its aspects. The physiologist, of course, 
may use the synapse for this purpose. When he has once described 
reflex fatigue as the exhaustion of a synaptic substance, for example, 
he may attribute a change in any aspect of a correlation to that ex- 
haustion. Although he may observe and measure at one time a change 
in after-discharge and at another a change in the magnitude of R, 
he may reasonably consider himself to be dealing with the same 
process in both cases. Fortunately, there is also a term serving the 
same purpose at the level of behavior. If, in a given reflex, the 
threshold is low, the latency short, the after-discharge prolonged, 
and the ratio R/S large, the reflex is ordinarily said to be strong. If, 
on the other hand, the threshold is high, the latency long, the after- 
discharge short, and the ratio R/S small, the reflex is said to be weak. 
An attribute of strength is imputed to the reflex. The strength of 
the response, of course, is not meant; a weak response may indicate 
a strong reflex, if it be elicitable with a very weak stimulus. 

“Reflex strength” expresses in a very general way the state of a 
given correlation at a given time in respect of many of its character- 
istics. It is a useful term, for it permits us to deal with reflex fatigue, 
for example, as a change in reflex strength, without stopping to specify 
the particular changes that compose it. Nevertheless, its usefulness 
does not extend beyond this qualitative level. The concept is sub- 
ject to a major objection, which holds as well for the parallel use 
of the synaptic state. We do not know, since it has never been de- 
termined, whether the changes that compose such a characteristic as 
reflex fatigue all proceed at the same rate. If the threshold, let us 
say, and the magnitude of R do not vary in precisely the same way, 
we are not justified in taking either as a measure of a supposed com- 
mon variable, nor, indeed, in continuing to regard reflex fatigue as a 
unitary process. 

The study of the reflex, then, leads to the formulation of two 
kinds of law. The first are laws describing correlations of stimu- 
lus and response. A reflex, as we have defined it, is itself a law, and 
of this sort. It has a considerable generality in spite of the specificity 
of its terms, but it must be supplemented by other laws describing 
the exact conditions of a correlation. Secondly, there are laws 
describing changes in any aspect of these primary relationships as 
functions of third variables, where the third variable in any given 
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case is a condition of the experiment. These secondary laws may 
be dealt with in groups, according as they involve the same experi- 
mental third variable, and they may be spoken of, for convenience, 
as describing changes in reflex strength. In the behavior of intact 
organisms the apparent variability of specific stimulus-response 
relationships emphasizes the importance of laws of the second sort. 
Conditioning, “emotion,” and “drive,” so far as they concern 
behavior, are essentially as changes in reflex strength, and their 
quantitative investigation may be expected to lead to the determina- 
tion of laws describing the course of such changes, i.e., to laws of the 
second sort . 12 

It is difficult to discover any aspect of the behavior of organisms 
that may not be described with a law of one or the other of these 
forms. From the point of view of scientific method, at least, the 
description of behavior is adequately embraced by the principle of 
the reflex. 

Summary 

The present anlysis of the reflex as a concept in the description of 
behavior follows the method first formulated with respect to scienti- 
fic concepts by Mach and Poincare. It examines the source of the 
historical definition and points out the incidental nature of most of 
its criteria. Eventually, it offers an alternative definition and con- 
siders in detail some of the questions that arise from the nature of 
the concept so defined. 

I. Descartes “discovered the stimulus” and designed a mechanism 
which could account for animal movement upon the basis of the 
appropriate release of stored energy. But he was interested less 
in describing the action of the nervous system than in supporting 
metaphysical contentions of the automaticity of animals. He ad- 
vanced the stimulus as a substitute for soul, but only within a field 
which omitted the greater part of the activity of man. 

II. The notion of the reflex developed, independently of Des- 
cartes, from the investigation of “irritability.” The action of a stim- 
ulus was implicit in the concept of irritability, which also assigned 
an autonomy of function to the parts of an organism. The concept 
of the reflex arose quite naturally when a stimulus and its related re- 
sponse were to be spatially distinguished. Robert Whytt made the 
first historically effective observations. 

“The report of an experimental study of "hunger drive” from this point 
of view is in preparation. 
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III. It remained for Marshall Hall to clear the concept of psychi- 
cal counterparts. This he did by setting up a distinction between 
reflex and voluntary action, which resulted eventually in the unfor- 
tunate historical definition of the reflex as a form of movement un- 
conscious, involuntary, and unlearned. Volition, in Hall’s sense, 
was essentially the hypothetical antecedent of movement for which 
no corresponding stimulus could be observed, a definition which served 
to identify the reflex with scientific necessity and volition with un- 
predictability. 

IV. The history of the reflex has known only one positive char- 
acteristic by which the concept may be defined : the observed correla- 
tion of two events, a stimulus and a response. The negative charac- 
teristics, on the other hand, which describe the reflex as involun- 
tary, unconscious, and unlearned, have proceeded from unscientific 
presuppositions concerning the behavior of organisms. The reflex 
is tentatively defined herein as an observed correlation of stimulus and 
response. 

V. Reflex physiology undertakes to describe the events which 
intervene between a stimulus and a response. The physiological 
usage does not question the definition of a reflex as a correlation, 
for the synapse is only a conceptual expression for the “reduced” 
characteristics of a given correlation. 

VI. The essense of the description of behavior is held to be the 
determination of functional laws describing the relationship between 
the forces acting upon, and the movement of, a given system. The 
reflex is, by definition, the precise instrument for this description. 
Its analytical nature is discussed, and existing methods of analysis 
are examined. Current objections to analysis are held to have no 
scientific meaning. 

VII. The experimental study of the reflex may be divided into 
two parts. There is, first, the investigation of the characteristics of 
a correlation — latency, threshold, after-discharge, and the order of 
variation of S and R. Secondly, there is the investigation of varia- 
tions in these characteristics as functions of third variables. The 
notion of reflex strength is useful in dealing with this second group. 
The question of third variables is of extreme importance in the de- 
scription of the behavior of intact organisms. 

From the point of view of scientific method, any law describing 
the behavior of organisms must be reducible to one of the forms 
herein discussed. The description of behavior, that is to say, is ade- 
quately embraced by the principle of the reflex. 
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LE CONCEPT DU REFLEXE DANS LA DESCRIPTION DU COM- 
PORTEMENT 
(Resume) 

Un examen de l’histoire du reflexe indique que la definition historique 
n’a jamais etc tout a fait justifiee et qu’elle comporte des interpretations 
occasionnelles (decrivant le reflexe comme tnconscient, involontaire, non 
appris et ainsi de suite) lesquelles remontent & des presuppositions non 
scientiffques concernant le comportement des organismes. On offre une defi- 
nition alternative, basee sur les seules evidences positives fournies par les 
donnees, ou le reflexe est defini comme une correlation observee de deux 
evenements, un stimulus et une response. L’emploi phyisologique du mot et 
la methode physiologique sont examines et 1’on trouve qu'ils ne nuisent pas 
A cette interpretation. Ensuite on discute certains aspects du rapport entre 
le reflexe et la description du comportement. On considere que l’analyse est 
necessaire a cette description, et on examine les methodes de Panalyse. On 
considere certaines questions actuelles remontant & l’emploi de Panalyse et 
les trouve sans signification. On decrit brievement le rapport entre son 
processus experimental et le reflexe comme ici defini, et on definit le concept 
“force du reflexe" et appuie sur son importance. On considere que la de- 
scription du comportement se compose de la determination de lois fonction- 
nelles comme celles ici presentees et ainsi qu'elle est incluse presque en- 
tierement dans le principe du reflexe. 

Skinner 
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DER BEGRIFF DES REFLEXES IN DER BESCHREIBUNG DES 
VERHALTENS 
(Referat ) 

Ein Ueberblick iiber die Geschichte des Reflexes weist darauf hin, dass 
die traditionelle Definition nie vollkommen berechtigt worden ist, und dass 
damit beilaufige Deutungen verbunden worden sind, (Beschreibung des 
Reflexes als uttbewusst, unwillkfirlich, ungelehrt, usw.), welche ihren Ur- 
sprung haben in unwissenschaftlichen Voraussetzungen fiber das Verhalten 
der Organismen. Es wird eine alternative Definition dargeboten, worin der 
Reflex als eine beobachtete Korrelation zwischen zwei Begebenheiten, — 
namentlich zwischen Reiz und Reaktion, — erklart wird. Der Gebrauch des 
Wortes 'Reflex’ in physiologischem Sinne und die physiologische Methode 
werden untersucht, und man findet, dass sic diese Deutung nicht entkraften. 
Es werden dann gewisse Seiten der Beziehung des Reflexes zu der Bes- 
chreibung des Verhaltens (behavior) besprochen. Die Analyse wird als 
zu dieser Beschreibung notig betrachtet, und es werden analytische Methoden 
besprochen. Gewisse herrschende Fragen, welche im Gebrauch der Analyse 
ihren Ursprung haben, werden erwagt und als ohne Bedeutung betrachtet. 
Die Beziehung unseres experimentellen Verfahrens zu dem Reflex wie er 
hier definiert worden ist, wird kurz erortert. Der Begriff der ‘Reflexen- 
starke’ (reflex strength) wird erortert, und die Wichtigkeit dieses Begriffes 
wird betont. Es wird behauptet, dass die Beschreibung des Verhaltens aus 
der Bestimmung funktioneller Gesetze von der Art des hier dargebotenen 
bestehe, und dass sie also fast vollstandig in dem Prinzip des Reflexes 
eingeschlossen sei. 

Skinner 



